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A CONCEPT O F  ELEMENT-FACE ROTATION-TRANSLATION 
TRANSFORMATION OF P O L Y H E D R A  

FACF ROTRTION TRANSLATION 
E! EMFNT P O T A T I O N  TPANSLhTlflN 

ROTATION - TRh!<SLATlr)N 

The method of transformation discussed here i s  accomplished 
by allowing each face of the polyhedron t o  r o t a t e  a b o u t  i t s  axis a n d  
t r a n s l a t e  a l o n g  i t s  ax i s ,  while maintaining connection t o  i t s  paired 
face with an element t h a t  i s  allowed t o  ro t a t e  a b o u t  i t s  ax is ,and  
t r ans l a t e  along i t s  ax i s .  The surfaces enclosing the polyhedron wil l  
transform in to  another polyhedron form. 

The polyhedral forms w h i  ch have been invest igated consis t  o f  
the f ive  regular  forms. The one i l l u s t r a t e d  above shows the t rans-  
formation s tages  of the cube t o  the truncated octahedron. The f ive  
transformation s e r i e s  s tudied a re  l i s t e d  below. 

tetrahedron ,- truncated tetrahedron 
cube -- , snub cube - - - truncated octahedron 
octahedron - snub cube ~ -- -- truncated cube 
icosahedron - snub dodecahedron ---- truncated dodecahedron 
dodecahedron --- snub dodecahedron __ ----truncated icosahedron 

Source: Joseph D. Clinton 
Southern I 1  1 i noi s Uni versi  t y  
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TETRAHEDRON 

A REGENERATION EFFECT 
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TETRAHEDRON 

By u s i n g  t h e  t r a d i t i o n a l  expandable concept o f  f o l d i n g  i n  con- 
j u n c t i o n  w i t h  t h e  concept o f  f ace  r o t a t i o n - t r a n s l a t i o n  t r a n s f o r m a t i o n ,  
a r e g e n e r a t i o n  i s  accomplished a f t e r  t h e  t r a n s f o r m a t i o n  sequence has 
taken  p lace.  
t a i n e d ,  t h e  e x i s t i n g  faces a re  r o t a t e d  about t h e i r  elements, thus f i l -  
l i n g  t h e  vo ids c rea ted  d u r i n g  the t r a n s f o r m a t i o n .  
genera t i on  has thus taken p lace  where t h e  o r i g i n a l  form has been t r a n s -  
formed i n t o  a new c o n f i g u r a t i o n  and then  regenerated i n t o  i t s  o r i g i n a l  
form r e t a i n i n g  i t s  a x i s  o f  t r ans fo rma t ion ;  however, i t  has i nc reased  
i n  s u r f a c e  area and volume. 

A f t e r  t h e  f i n a l  f o r m  o f  t h e  t r a n s f o r m a t i o n  has been ob- 

A c y c l i n g  o r  r e -  



The forms which have thus f a r  been s tudied a re  the f ive  requ- 
l a r  polyhedra or p la tonic  polyhedra. Three o f  these forms ( t e t r a -  
hedron, octahedron, icosahedron) are composed en t i  re ly  of  t r iangular  
s ides  and may be regenerated per previous i l l u s t r a t i o n .  Two of the 
forms (cube, dodecahedron) are  composed of polygons other  than t r i -  
angular i n  shape. Because of t h i s  d i f fe rence ,  the regeneration may 
be accomplished by ro ta t ing  par ts  of the  ex i s t ing  face about i t s  
elements, per following example: 
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CUBE 
I I 

CUBE 

Source: Joseph D. C l i n t o n  
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CONCEPTS REGARDING SUB-SURFACE SUPPORTED 
STRUCTURAL COLUMNS FOR LUNAR APPLICATION 

AS TRANSPORTED 

EXPLOSIVE CHARGE r ‘ I  
‘ I  
I .‘I 

AS USED 

The s t r u c t u r a l  column shown above would be t u b u l a r  i n  fo rm 
and f a b r i c a t e d  f rom a low d e n s i t y ,  d u c t i l e  m a t e r i a l .  
i t  c o u l d  be i n s e r t e d  i n t o  t h e  l u n a r  sur face by r o t a t i o n ,  one end 
would he p rov ided  w i t h  a h e l i c a l  c o n f i g u r a t i o n .  An e x p l o s i v e  charge 
would be enc losed w i t h i n  t h e  tube. Th is  charge would be detonated 
a f t e r  t h e  column had been i n s e r t e d ,  thereby deforming t h e  ColiJnln be- 
low grade and p r o v i d i n g  a d d i t i o n a l  s t a b i l i t y .  Th is  system would be 
s i m i l a r  t o  the  p resen t  i n d u s t r i a l  methods o f  h igh -energy - ra te  metal  
forming.  

Source: P h i l i p  G. E l l i o t t  
Southern I l l i n o i s  U n i v e r s i t y  
School o f  Techno1 ogy (6601 -01 ) 
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CONCEPTS RE G A RD I N G S U E - S U R FACE S U F P 0 RT E C 
STRUCTURAL COLUMNS FOR LUNAR APPLICATION 

AS USED 

HARDENED R E S I N - A C T I V A T O R - S O I L  

CONFIGURATKON 

As show, above, a variation of the concept described on the 
preceding page can be had by draviing an analogy t o  the  root system 
of a t r e e .  As the t r e e  grows, the main  roots  spread o u t  f a r t h e r  and 
deeper, adding t o  the  support of the t r e e .  I f  " roots"  could be grown 
on a s t ruc tu ra l  column, a s imi la r  benefi t  cou ld  be achieved. Such a 
root  system might be achieved by adding ports in the end  of the  pre- 
viously described tube,  f i l l i n g  i t  with a res in  and ac t iva to r  o f  the 
polyester  type,  and providing a piston t o  force the res in-ac t iva tor  
mixture in to  the s o i l .  The s o i l  would a c t  as a f i l l e r  for the mix-  
ture, thereby a d d i n g  s t rength t o  the hardened mixture. By varying 
the s i z e  and locat ion o f  the por t s ,  d i f f e ren t  below-grade configura- 
t ions  would be possible.  A solvent could be provided t o  allcw re- 
moval o f  the  column. 

Source: Ph i l ip  G .  E l l i o t t  
Southern Illinois University 
School of Techno1 ogy (6601 -02) 
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DESIGN CONCEPTS R E G A R D I N G  
S E L F - G E N E R A T I N G  STRUCTURES 

S E A M I N G  H E A D  

: j K I V E N  CONE - R I D E R  UHEFL 

ROLL€[) H A T E r l l  A1 
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AS TRANSPORTED c- D R I V E  bIHEEL AS USED 

S t  L r - G F N E R A T E D  TRUNCATED CONF 

Being in the form of  r o l l s ,  stacked shee ts ,  a n d  e t c e t e r a ,  s t ruc-  
t u ra l  materials are  normally i n  t h e i r  most compact form before fabrica-  
t i on .  With t h i s  t h o u g h t  in  inind, i t  i s  possible t o  make a case f o r  space 
and planetary s t ruc tures  which a r e  fabr icated a t  t h e i r  intended place o f  
use. One apparent disadvantage would be thd t  the means (machinery) o f  
construction would have t o  be transported along with the mater ia l .  
ing t h a t  t h i s  disadvantage could be eliminated by technological advances, 
the above i l l u s t r a t i o n  depicts a concept in self-generat ing s t ruc tures  

Assum- 

/ which would take advantage o f  a compact material form; the r o l l .  

Source: Phi l ip  G .  E l l i o t t  
Southern I l l i n o i s  University 
School of Techno1 ogy (6601 -03) 
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CONCEPTS RELATING TO THE - J O I N I N G  OF 
STRUCTURAL MEMBt RS 

Severa l  p o s s i b i l i t i e s  r e l a t i n g  t o  t h e  j o i n i n g  o r  connec t ing  o f  s t r u c t u r a l  
members a r e  h e r e i n  presented f o r  c o n s i d e r a t i o n  by des ign  personnel .  ( I n  t h i s  
i n s t a n c e ,  one m igh t  wish t o  presuppose t h a t  t h e  workers assembling t h e  s t r u c -  
t u r e  a r e  work ing  i n  a h o s t i l e  environment and/or a r e  work ing  w i t h  o n l y  t h e  
s i m p l e s t  o f  t o o l s  o r  f a c i l i t i e s . )  

(1) Consider a male-female, j o u r n a l - b e a r i n g - l i k e ,  p l u g - i n  connector.  
(See above f i g u r e . )  I t  i s  f e a s i b l e  t h a t  such a connect ion may be 
s u f f i c i e n t l y  s t r o n g  t o  a l l ow  s imple o r  m u l t i p l e  a x i a l  o r  r o t a t i v e  
l o a d i n g s .  If t h e  r e s p e c t i v e  male and female diameters a re  n e a r l y  
i d e n t i c a l ,  i t  may n o t  be p o s s i b l e  t o  f o r c e  t h e  two i n t o  a s a t i s f a c -  
t o r y  f i t; however, i f  one p a r t  i s  r o t a t e r i  w i t h  respec t  t o  t h e  second, 
i t  shou ld  be p o s s i b l e  t o  r e a d i l y  j o i n  t h e  two ( s i m p l y  and w i t h o u t  
g r e a t  f o rce )  s i n c e  t h e  c o e f f i c i e n t  o f  f r i c t i o n  has been reduced by 
t h e  e f f e c t s  o f  r o t a t i o n .  

( 2 )  An ex tens ion  o f  concept ( l ) ,  above, where in one member i s  r o t a t e d  
q u i t e  r a p i d l y ,  t h e r e  being no l u b r i c a n t  between t h e  two members, 
thereby,  caus ing t h e  two members t o  become fused t o g e t h e r .  

( 3 )  Consider how a r u s t e d  n u t  on a r u s t e d  b o l t  n o r m a l l y  makes an ex- 
t reme ly  s t r o n g  connect ion.  
s t r u c t u r a l  members t o  some a r t i f i c i a l  atmosphere so  as t o  produce 
c o n t r o l l e d  r u s t i n g  t o  thereby mate t h e  two p ieces?  

M igh t  i t  be f e a s i b l e  t o  s u b j e c t  two 

( 4 )  Consider t h e  manner i n  which the  under p o r t i o n s  o f  sh ips  become 
f o u l e d  by t h e  growth o f  marine organisms o v e r  a p e r i o d  o f  t ime. 
Such f o u l i n g  o f t e n  causes va lves o r  o t h e r  sea openings t o  become 
jammed. M igh t  i t  be f e a s i b l e  t o  i n t r o d u c e  such marine organisms 
i n t o  o r  near  a connec t ion  between s t r u c t u r a l  members, produce a 
s u i t a b l e  atmosphere f o r  the organisms t o  grow o r  m u l t i p l y ,  and 
the reby  cause a r i g i d  connect ion t o  be made? 



. 
(5) Consider s t ruc tu ra l  members mated t o  each o ther  in  a manner s imi l a r  

t o  the p r inc ip l e  of a go/no-go plug gage. Consider t h a t  a portion 
of the s t r u c t u r e  o r  vehicle m i g h t  always be "warm" when in use, per- 
haps in the  v i c i n i t y  of a heat source o r  facing the sun. To i n i t -  
i a l l y  f ab r i ca t e  the  s t ruc tu re ,  one might t u r n  the s t r u c t u r e  s o  as t o  
sh ie ld  one of the members from the heat source,  then p r e s s - f i t  i t  
i n t o  the o ther  member ( "go" ) ,  then, turn the connection toward  the 
heat source once again t o  heat u p  the e n t i r e  j o i n t  ("no-go").  
t i g h t  f i t  should p e r s i s t  fo r  as l o n g  as the s t r u c t u r e  faces toward 
the  heat source. 

A 
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